In the indoor location estimation system, which has recently been actively studied, the received signal strength indicator contains a high level of noise when measuring the signal strength in the range between two nodes consisting of a receiver and a transceiver. To minimize the noise level, this paper proposes an improved adaptive smoothing filter that provides different exponential weights to the current value and previous averaged one of the data that were obtained from the nodes, because the characteristic signal attenuation of the received signal strength indicator generally has a log distribution. The proposed method can effectively decrease the noise level by using a feedback filter that can provide different weights according to the noise level of the obtained data and thus increase the accuracy in the distance and location without an additional filter such as the link quality indicator, which can verify the communication quality state to decrease the range errors in the indoor location recognition using ZigBee based on IEEE 802.15.4. For verifying the performance of the proposed improved adaptive smoothing filter, actual experiments are conducted in three indoor locations of different spatial sections. From the experimental results, it is verified that the proposed technique is superior to other techniques in range measurement.
Introduction
As information and communication technology (ICT) develops, wireless sensor networks (WSNs) that can provide necessary information irrespective of the time and place enrich the human life. In particular, a location-based system (LBS) providing many advantages by obtaining the object locations in real time has been widely applied in various fields such as medicine, mobiles, and agriculture [1]- [5] . The LBS can largely be classified into outdoor and indoor environments. While the outdoor environment has made considerable progress using the global positioning system (GPS), which can identify locations using various satellite signals, the indoor environment [26] . Although the method that measures the range using the time during the propagation of radio waves such as UWB and CSS has a relatively accurate the LQI is not provided in Wi-Fi, which has recently been used as the most general-purpose communication network.
In order to overcome this disadvantage and to measure the more accurate range, this paper proposes the improved adaptive smoothing filter (IASF), which can effectively eliminate the noises by providing exponential weights to the acquired data in consideration of the signal attenuation characteristics of the RSSI with a log distribution. The proposed method uses the feedback filter, which can provide different weights to the current value and previous averaged value according to the noise level included in the obtained signals, and applies fitted weights using an exponential function so as to be appropriate to RSSI-based localization in the indoor environment.
Consequently, the proposed method can increase the estimated range accuracy even without an additional filter such as the LQI, which reduces the distance errors using ZigBee 
Related Theory

Experimental Testbed
The purpose of this study is to minimize the range errors for improving the RSSI-based indoor localization performance and to verify this by experiments in the indoor environment. 
System Implementation Using Filter
Wireless signals in the indoor environment include noises because they are easily distorted by various disturbances such as spatial structure, quality of the material, and electronic equipment and the range errors can be reduced by using several filters. Reduction of range errors is a very important process for accurate estimation of the locations of objects, which is the main objective of the indoor localization.
Feedback filter
The feedback filters used for eliminating noises in various fields are basically used as the LQI, RSSI, BOTH, and proposed filters, which are referred to in this study, and can be expressed as Equation ( 
LQI, RSSI, and BOTH filters
The LQI filter, in which the values depend on the obtained LQI, is expressed as Equation (6). The value approaches 0.8 to increase the proportion of the most recently measured values because the larger the LQI values are, the better the communication quality is. When the obtained LQI is greater than 100, the range of the value is 0.2~0.8, and when it is less than 100, the communication quality is very poor, and the determined value is 0. to -15 dBm, and that of the value is 0.5~1. The lesser the received signal strength is, the higher is the probability that the noise components are included, the value is determined to be near 0.5, and the proportion of the most recently measured values decreases.
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The BOTH filter, which eliminates noises by using both LQI and RSSI filters, is illustrated in Figure 4 . The noises of the obtained rough RSSI signals are primarily eliminated by the LQI filter as in Equation (6), and these first resulting values are used as the input values to the RSSI filter. The second resulting values, the noises of which are secondarily eliminated by the RSSI filter as in Equation (7), are the final output of the BOTH filter. Similarly, the BOTH filter reduces the noise level by performing two filtering processes. 
Proposed improved adaptive smoother filter
In order to improve above mentioned techniques, the proposed method reduces the range errors by effectively eliminating the noises in the rough RSSI signals. Consequently, we propose the IASF that is much improved when compared with the previously mentioned LQI, RSSI, and BOTH filters, and this filter is expressed as Equation (8).
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In the proposed IASF using the feedback filter in which the determination of values is a key, the values are determined by using an exponential function to effectively reduce noises acquired from RSSI. The ranges and characteristics of the values determined in this manner are represented as in Figure 5 , and while the obtained RSSI is greater than -40 dBm, the value is 1, and when it is less than -40 dBm, the value decreases until ≒ 0.2. Here, the reason for the threshold value to be -40 dBm is that when the RSSI is greater than approximately -40 dBm, the reliability is very high as shown in Figure 2 . The RSSI range, in which the CC2420 chipsets used in the experiments are transmitted in the actual environment, is from -90 dBm to -10 dBm, and 0 ≒ exp(-6); therefore, the resulting values are adjusted by multiplying (RSSI+40) by 0.075 = (-6)/(-80).
Whereas the input signal strength is approximately -90 dBm and various noise components are included, the minimum value should be more than 0.2 in order to increase the proportion of the recently measured values by at least greater than 20%. Abbreviations above are presented as path (P), the used filter (F), the average error (AE), the improvement rate of AE (AEIR), the maximum error (ME), the improvement rate of ME (MEIR).
Experimental Performance
respectively and the parentheses indicate units 
Conclusion
In this paper, when measuring the range between the two nodes to identify the locations of objects in the indoor environment, to effectively eliminate the noises included in the RSSI, the IASF, which provides different exponential weights to the current value and previous averaged value, was proposed.
For verifying the proposed filter performance, experiments were conducted in three different paths, and the noise elimination performance was improved in all the paths, and particularly in the places where the most noises occurred, the proposed filter 
